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STRUCTURES and ABBREVIATIONS
pH values, the slow oxidation of the Ru II centre takes place as well leading to the partial loss of the arene moiety. The rate of these processes depends on the pH and its maximum was found at pH [8] [9] . Additionally the chlorido/aqua co-ligand exchange processes of the [Ru II ( 6 -(2-phenoxyethanol))(L)Cl] + species were also monitored and only ~5% of the chlorido ligand was found to be replaced by water in 0.1 M chloride ion containing aqueous solutions at pH 5.
Introduction
During the last two decades a significant amount of work has been published in the field of ruthenium metallodrugs for application as anticancer agents due to the relevant cytotoxicity exhibited by many of these compounds against several cancer cell lines [1] [2] [3] [4] [5] . Particular attention has been given to the families of the so called piano-stool geometries where the stool is formed by the 'η 5 -C 5 H 5 ' or 'η 6 -C 6 H 6 ' bonded to the ruthenium centre and the three legs are represented by sigma coordinated ligands. These arene ligands, besides stabilization of the Ru II centre, also provide a hydrophobic core for the complex which is an important feature for biomolecular recognition processes and transport of ruthenium through cell membranes. Representative structures of '(η 6 -C 6 H 6 )-Ru' are the so called RAPTA and RM-complexes [11] . RAPTA complexes present a phosphoadamantane as non-leaving group with two chloride atoms playing the role of leaving ligands [12] . RM-complexes possess the bidentate ethylenediamine as non-leaving group and one chlorido ligand prompt for aquation [13] . [14] [15] [16] [17] [18] [19] 20] . The mechanism of action for the generality of compounds from this family has been related as expected, to the lability of the chlorido ligand due to its hydrolysis in aqueous environment [20] [21] [22] . The rate and extend for these aquation reactions are influenced by both the different physiological conditions, such as the pH and the concentration of the chloride ions [15, 19, 20, 23] , as well as the nature of the coordinated (N,N) ligand and only little influence was noticed for the η 6 -arene ligands [16, 23] .
Interestingly, it was found that half-lives for aquation can vary from some minutes when (N,N) are 4-anilinoquinazoline ligands to several hours in the case of azopyridine ligands [16, 20] .
Our approach to get through this subject was to understand the role of different (N,N) coligands on the reactivity of the less studied fragment {Ru II ( 6 -(2-phenoxyethanol))Cl} + . For this purpose different substituents (R) were introduced in the basic 2,2'-bipyridine (bpy) structure giving the (bpy-R) following ligands: bpy (R = H), 4,4'-dimethyl-2,2'-bipyridine (R = methyl) and 4,4'-diylmethanol-2,2'-bipyridine (R = methanol). Thus, a new family of compounds presenting the general formula [Ru II ( 6 -(2-phenoxyethanol))(bpy-R)Cl] + was synthesized and fully characterized by the usual methods such as spectroscopic and electrochemical techniques and the structure of one of the new compounds was also complemented by single crystal X-ray diffraction studies. The influence of the substitution of these bidentate ligands on the hydrolysis of the three newly synthesized complexes was studied in aqueous solution by the combined use of UV-Vis and 1 H NMR titrations in several experimental conditions.
Experimental
General procedures
Bpy, 4,4'-dimethyl-2,2'-bipyridine, KCl, NaCl, Na 2 HPO 4 , KH 2 PO 4 , KNO 3 , AgNO 3 , HCl, HNO 3 and KOH were purchased from Sigma-Aldrich and used without further purification. 4,4'-Diylmethanol-2,2'-bipyridine was purchased from Carbosynth and used without further purification. All solvents were analytical or reagent grade. All syntheses were carried out under dinitrogen atmosphere using current Schlenk techniques and the solvents used were dried using standard methods [24] . The doubly purified water was obtained from a in acetonitrile (20 ml) was added (4,4'-diyldimethanol-2,2'-bipyridine) (94 mg, 0.46 mmol). After stirring for 4 h at 40ºC, Celite ® 521 was added and the mixture was stirred for 15 min and cannula-filtrated. Then the solvent was evaporated, the product was dissolved in water, filtrated and evaporated. Finally, the product was recrystallized from CH 3 
X-ray crystal structure determination
Three-dimensional X-ray data for complex 3 were collected on a Bruker SMART Apex CCD diffractometer at 100 (2) Table S1 .
Electrochemical studies
The electrochemical experiments were performed on an EG&G Princeton Applied Research corresponds to that of the human blood serum.
Measurements
The spectrophotometric titrations were performed on samples containing the bpy-R free 
UV-visible (UV-Vis) characterization in acetonitrile
Optical absorption spectra of the new complexes 3-5 together with all ligands and precursors (1, 2) were recorded in 10 -6 -10 -3 M acetonitrile solutions (see Experimental Section). Fig. 1 shows the spectra of compounds 3-5 in acetonitrile. All the studied complexes showed intense bands in the UV region attributed to π-π* electronic transitions occurring in the 
Single crystal structure of [Ru II ( 6 -(2-phenoxyethanol))(2,2'-bipyridine)Cl][PF 6 ] 3
[Ru Table 1 ). π-π stacking lateral interactions are present in the crystal packing, which stabilize the structure. In Table 2 contains selected bond lengths and angles for the compound 3. Symmetry transformations used to generate equivalent atoms: #1 -x,-y+1,-z+1 
Bond lengths (Å)
Ru ( 
Electrochemical experiments
The redox response of the Ru II ( 6 -arene) moiety can be strongly influenced by the nature of the attached groups in the arene ligand [32] . Furthermore, the oxidation potentials of the Ru II centres can be influenced by the different -donating and -accepting capacities of the coordinated ligands [10, 33] . To investigate such possible correlations in the present systems and to provide further characterization of the complexes, we performed an electrochemical study by cyclic voltammetry. The electrochemical responses of the complexes 2-5 were recorded at 200 mV/s, with a platinum disk working electrode in acetonitrile solutions containing tetrabutylammonium hexafluorophosphate as supporting electrolyte. Table 3 summarizes the electrochemical data and Fig. 4 shows the cyclic voltammogram recorded for complex 3 as a representative example of the general electrochemical behaviour of the complexes.
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The ligands bpy, 4,4'-dimethyl-2,2'-bipyridine and 4,4'-diyldimethanol-2,2'-bipyridine did not showed any electrochemical response between the experimental potential limits in acetonitrile.
Complex 2, probably due to its cationic nature and the -donor ability of the acetonitrile ligands, was not found to be redox active in the acetonitrile solvent window towards the positive potentials range. However, in the negative potential range, this complex present a ligand based reduction process at -1.14 V. 
Speciation studies of [Ru II (η 6 -(2-phenoxyethanol))(bpy-R)Cl][PF 6 ] complexes in aqueous solution
Since in the Ru where Z = H 2 O or Cl -) is assumed on the basis of the behaviour of analogous half-sandwich organometallic cations [38] . Its hydrolysis was studied by the combined use of UV-Vis and 1 H NMR titrations at 0.1 M ionic strengths (KCl), and we found that the equilibria could be reached fast (within 5-10 min) in the whole pH range studied (pH = 2-11.5). The overall stability constants for the various dinuclear hydrolysis products were determined by UV-Vis spectrophotometry and 1 H NMR spectra were recorded to confirm the speciation.
The pH dependent UV-Vis spectra in In order to get a deeper insight into the formation of the intermediate species 1 H NMR spectra were recorded at various pH values (Fig. 6) , which also refer to the presence of more than one kind of hydrolysis products. Firstly a triple peak set for the chemically equivalent meta-(η 6 -(2-phenoxyethanol)) aromatic ring protons can be observed in the 5.8 -6.4 ppm range at pH < 4.8. According to literature data chloride ions act as coordinating ligands, hence complexes such as [Ru
+ were identified at acidic pH values [35] . In these species the water molecules can be partially or completely substituted by chlorido ligands depending on the concentration of the chloride ions [35] . The (Fig. S1 ). Thus the observed peaks in the low-field region of the recorded 1 H NMR spectra in Fig. 6A can be attributed to the following species: tris-aqua complex (6.22 ppm), mono-chlorido complex (6.11 ppm) and tris-chloridobridged dimeric species (6.01 ppm) (see Fig. S1 and Table S2 ). These chemical shifts belong to the meta-(η 6 -(2-phenoxyethanol)) aromatic ring protons. The doublets of the ortho-(η 6 -(2-phenoxyethanol)) aromatic ring protons overlap with the triplet of para-(η 6 -(2-phenoxyethanol)) aromatic ring proton, while the aliphatic protons are practically insensitive to the water/Cl -exchange processes in the coordination sphere. (3-i) ] + (i = 1-3) [35] . Accordingly, the intensity of the peak belonging to the mixed aqua-chlorido 3 ] is decreasing with the increasing pH, and the appearance of a new multiple peak set at lower chemical shifts is seen at pH > ~3.8 (Fig. 6A) .
The molar ratio of the complexes belonging to the latter peaks alters in line with the increasing pH, and a single peak at 5.67 ppm becomes predominant at pH > 5. (Fig. S1 , Table S2 ).
Despite the fairly complicated speciation in the presence of chloride ions, the hydrolytic equilibrium processes can be well described assuming the formation of merely two kinds of It is noteworthy that coordination of the ethanolic hydroxyl group of the aromatic cap to the Ru II -centre cannot be excluded, however no evidence was found for the existence of this interaction.
Solution equilibria of [Ru
II ( 6 -(2-phenoxyethanol))Z 3 ] complexes of acetonitrile, 2,2'-bipyridine and its 4,4'-dimethyl-and 4,4'-diyldimethanol derivatives in chloride-containing media
The proton dissociation constant of ligand bpy was determined by pH-potentiometry formerly in our laboratory at I = 0.2 M KCl and KNO 3 [40] . The ligand bpy acts as a proton acceptor in acidic solutions (pK a = 4.52 (KCl) and 4.41 (KNO 3 )). The expected pK a values of the 4,4'-dimethyl-and 4,4'-diyldimethanol derivatives are probably somewhat higher than that of bpy due to the presence of electron donating alkyl substituents. In case of acetonitrile no (de)protonation process was observed in the studied pH-range. The stability of the complex 3 is significantly high, as no decomposition was observed on the basis of the UV-Vis spectra even at fairly low pH (pH = 1.0), therefore only a threshold could be computed for the stability constant of 3 that denotes a log [ML] ≥ 11.0 (where we assume that < 3% spectral change cannot be detected). The predominant species is the [Ru Unfortunately, in addition to this reaction other overlapping spectral changes were observed;
and no pK a for [MLZ] could be calculated. Namely, the novel process leads to the development of intensive absorption bands at 470 and 580 nm in the UV-Vis spectra, and the pale yellow colour of the samples turned into greyish-green or -pink, which denotes quite extreme changes regarding the structure and/or the oxidation state of the original complex (Fig. 7) . 
